Summary.-We describe in this paper cell survival studies, using in vitro clonogenic assays, performed on the B16 melanoma treated in situ with various cytotoxic agents. In addition we have determined the effects of these agents on the yield of cells obtained by trypsinization.
( 70%o) by Vinca alkaloids. This large reduction was associated with extensive cell lysis, observed as an increase in the necrotic fraction of tumours from 35%O to 70o/. Adriamycin, bleomycin and Ara-C also produced a moderate reduction in cell yield ( 40o), but actinomycin D did not reduce cell yield and FU increased it by about 30o/. Only y-radiation, cyclophosphamide, CCNU, BCNU and melphalan produced more than a 9000 reduction in cell survival, although there was a small but measurable reduction with all other agents except vinblastine, HN2 and actinomycin D.
WE HAVE EXAMINED the cell-killing effects of a variety of cytotoxic agents on B 16 melanoma, using trypsin to disaggregate the tissue to obtain cell suspensions. Cell survival was assessed by colony formation in vitro.
We have found consistently that the yield of cells obtained by trypsinization was reduced after treatment with several cytotoxic agents (Stephens et al., 1977; Stephens & Peacock, 1977) . Such changes may reflect phenomena such as rapid in -situ cell lysis, and therefore perhaps provide information about the mechanisms of action of cytotoxic agents, or they may reflect an artefact of the method, such as trypsin-induced lysis of drug-damaged cells, which may produce erroneous estimates of cell survival. We have therefore performed a detailed study on the relationship between cell yield and cell survival in B16 melanoma.
MATERIALS AND METHODS
Procedures for preparation and injection of vincristine (VCR), cyclophosphamide (CY), 5-fluorouracil (FU) and 1-(2-chloroethyl)-3-cyclohexyl-l-nitrosourea (CCNU), and administration of 60Co y-irradiation, have all been described previously (Stephens et al., 1977; Stephens & Peacock, 1977 (Stephens et al., 1977) . The procedures used to prepare cell suspensions and measure cell survival have been published previously (Courtenay, 1976; Stephens et al., 1977) . Briefly, each treatment group consisted of at least 2 tumour-bearing animals and for each cell suspension 3-'6 tumours of similar size (-0 1 g) were dissected out, pooled, weighed and chopped finely. Mean tumour weight was calculated. The tumour fragments were then washed once with PBS, and incubated for 10 min at 37°C in 20 ml of PBS containing 2 mg/ml trypsin (Bactotrypsin, Difco Laboratories) and 0-1 mg/ml DNase (DNase I, crude lyophilized powder from bovine pancreas, Sigma Chemical Co.). After the tissue fragments had settled, the supernatant was discarded, and replaced by PBS containing fresh trypsin and DNase. The incubation at 37°C was continued with shaking for a further 45 min. Then the suspension was given 10 vigorous shakes to dislodge cells which were loosely attached to the remaining very small tissue fragments and filtered through 35,m-pore polyester mesh (Henry Simon Ltd.) . The cells in the filtrate were collected by gentle centrifugation, washed once, and resuspended in Ham's F12 culture medium containing 20% foetal calf serum (Flow Laboratories Ltd.) and antibiotics (60 ,ug/ml sodium benzyl penicillin, 100l,ug/ml streptomycin sulphate and 50 ug/ml neomycin sulphate) for counting by haemocytometer. To discourage cell aggregates from forming in the final suspension, DNase at 0-025 mg/ml was added. Results were expressed either as cell yield/g tissue or as cell yield/tumour.
Cell survival was measured in vitro by colony formation in soft agar. In addition to the cells being tested, each Petri dish contained an excess of feeder cells (B16 melanoma cells from untreated tumours) which had been killed by exposure in vitro to a supralethal dose of y-radiation (20 krad) and rat erythrocytes, which promote colony formation and growth. Cultures were incubated for Tumour cellularity was estimated by 3 methods. Firstly, we compare the concentrations of DNA in known numbers of B16 melanoma cells obtained by trypsinization, with tissue samples of known wet weight. Samples were either extracted as described by Schmidt & Thannhauser (1945) and DNA measured by the diphenylamine reaction of Dische (1955) , or they were extracted with ice-cold perchloric acid and DNA was measured by the indole reaction (Ceriotti, 1952) . Secondly, the dry weights of samples of cells and tumour tissue were compared. Thirdly, a morphometric analysis was performed. The number of cell nuclei per cm3 (N,) of tumour tissue was estimated using the relation NV = N A/-D, where IRA is the mean number of nuclei per section area (cm2) and ID is the mean true nuclear diameter (DeHoff & Rhines, 1961) . The Abercrombie correction for section thickness was applied to the field counts used to calculate NA. The mean true nuclear diameter (D), required to correct field counts for section thickness and to calculate NV, was estimated from the mean encounter diameter (d) of 80-100 cells. It was assumed that nuclei were spherical and, since d was about equal to section thickness, that d was 11% less than D (Abercrombie, 1946 Nv by assuming tissue density to be unity and correcting for necrosis, blood vessels and spaces by a point-counting analysis (Chalkley, 1943) which was performed at 3 or 4 wellspaced levels in each tumour in an attempt to get representative samples.
RESULTS
Cell yield and cell survival in untreated B16 melanoma Fig. 1 shows cell yields from untreated B16 melanoma. There was a linear relationship between tumour weight and cell yield per tumour ( Fig. 1A ; N.B. log-log scales are used) and cell yield per gram appeared to be constant over the range of tumour weights studied. Fig. 1B shows the distribution of cell yield per gram, with a mean of 1-03 x 108 cells/g (s.d. 3 0 X 107). A normal curve with these parameters has been fitted to the data. In Fig. 1C the relationship between tumour weight and PE is plotted, and in Fig. ID Cell yield did not appear to be significantly influenced, either when various weights of tissue ranging from 0-1 to 1.5 g were trypsinized, or when different batches of Bacto-trypsin were used. Also, there was no demonstrable correlation between cell yield and PE (correlation coefficient 0.037) although the PE did vary considerably with different batches of serum and rat erythrocytes (see Stephens et al., 1977) .
The cellularity of untreated B16 melanoma, estimated by several methods, is shown in Table I . The agreement between the methods is good, and they indicate (Stephens et al., 1977) . By pooling these data and those obtained from further experiments during periods when there was no significant change in cell yield (see Stephens et al., 1977 which shows that for all agents the cell yield did not change significantly between 20 and 30 h after treatment) histograms of cell yield were constructed (Fig. 2) well-defined normal distribution obtained from untreated tumours (Fig. iB) . The distributions of the treated and untreated populations were compared using the Kolmogarov-Smirnov onesample test (Siegel, 1956) , which is relatively insensitive to distribution type. The distributions obtained with all 4 agents were found to be significantly different from the untreated distribution (P < 0-01). These differences were largely due to differences in the locations of the populations, and we therefore conclude that treatment of B 16 melanoma with CY, VCR and y-irradiation significantly reduced the yield of cells/g and FU treatment significantly increases the cell yield.
Several other agents have been shown to affect cell yield, and the results are summarized in Table II (Siegel, 1956) was used to compare the treated and untreated data. The probability that the treated and untreated samples were both drawn from the same population is shown in Table II. No agent produced any significant effect on tumour weight. However, 4 types of behaviour with respect to cell yield were seen:
(1) The cell yield was greatly reduced (to 30% of control) by VLB and VCR.
(2) The cell yield was reduced to a lesser, though significant extent (to 55 cell-yield changes have been studied i detail, and in each case a change i tumour morphology has been seen.
Alkylating agents (CCNU, CY, melpht lan, BCNU, thioTEPA, HN2) and, irradiation.-The reduction in cell yiel produced by these agents is associate with an increase in cell size. We ha+; measured cell yield/g (recalculated froi repopulation curves reported by Stepher & Peacock, 1977) and cell diametel (from cytocentrifuge preparations) at vai ious times after treatment of B16 melf noma with 300 mg/kg of CY (Fig. 3 and 20 mg/kg of CCNU (Fig. 4) . The upp panels of Figs times after treatment. In each case there was a gradual increase in mean cell diameter and a concomitant decrease in cell yield/g. At later times the mean cell diameter returned to control levels and cell yield also returned to normal. (Stephens et al., 1977 at the time of treatment to 68% by 24 h and 72% by 48 h after drug administration. The similarity between the fraction of necrosis measured 24 and 48 h after treatment correlates well with the timecourse of cell-yield reduction reported previously (Stephens et al., 1977) . We found that cell yield decreased during the first 24 h after treatment, but then stabilized up to 48 h.
DISCUSSION
The cell killing effects of cytotoxic agents on solid tumours have been extensively studied using in vitro cell survival assays. Two effects may be measured, changes in the yield of cells obtained by dissaggregation of the tissue, and changes in the survival of these cells, indicated by their ability to form colonies of descendants. In many studies, only cellsurvival data have been presented and cell yield has been ignored, but we have measured both cell yield and cell survival in the B16 melanoma.
In Most of the agents used in this study significantly altered cell yield and cell survival, and two mechanisms which may be associated with cell-yield changes are described. Several alkylating agents and y-irradiation caused cell enlargement, a phenomenon which has been observed before with these agents (Castaldi, 1970) and could account for the observed decrease in cell yield/g. A reduction in cell yield has been reported when the rat tumour R1 rhabdomyosarcoma was treated with X-rays or neutrons (Barendsen & Broerse, 1969) . The decreased cell yield correlated well with a reduction in cell density estimated by counting cells in histological sections, and may have been due to an increase in mean cell size. Rosenblum et al. (1976) have also reported a small reduction in cell yield after treatment of a rat brain tumour with BCNU.
The large change in cell yield produced by the Vinca alkaloids appears to be associated with a rapid and extensive cell lysis within the intact tumour, since there was a doubling of the fraction of necrotic tissue after treatment. Cells treated with VLB or VCR might be more susceptible than untreated cells, to lysis by exposure to trypsin but we feel this is not the major factor leading to reduced cell yield.
In conclusion, our data clearly demonstrate that cell yields can be accurately and reproducibly measured and would play a useful part in the assessment of the antitumour effectiveness of cytotoxic agents.
